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We have isolated a highy divergent simian T-lymphotropic virus, STLV-PP1664, from a wild-caught bonobo (Pan paniscus).
Previous phylogenetic analysis suggested that this virus represents an additional type of STLV but this has now become a
matter of discussion. We have now obtained and analyzed the entire genome of STLV-PP1664. All major genes and their
corresponding viral messengers were identified. Sequence comparison and phylogenetic analysis indicated that this virus,
together with the closely related panp isolate, belongs to an early lineage within the PTLV-2 clade, differing from HTLV-2 by
about 25%. In contrast to the HTLV-1 and HTLV-2 LTR, only two 21-bp repeats instead of three were found in the STLV-PP1664
LTR. Additional messengers, resulting from alternative splicing, potentially encode five different accessory proteins from
open reading frames in the pX region: prorfI, porfII, ptorfV9, and two isoforms of Rex. The amino acid sequences of these
proteins are only distinctly related to the accessory proteins from HTLV-2. These data suggest a different genomic
organization of the STLV-PP1664 pX region than that of HTLV-2. We conclude that STLV-PP1664, although related to HTLV-2,
has some distinct features in the LTR and the pX regions, the impact of which needs further investigation. Although
arguments pro and contra a distinct classification are nearly equally balanced, we propose to classify this virus as an STLV-2,
designated STLV-2PP1664. © 1998 Academic Press
INTRODUCTION
Two types of T-lymphotropic viruses have been iden-
tified in humans. Human T-lymphotropic virus type 1
(HTLV-1) is associated with lymphoma, leukemia, and
some neurological diseases (Poiesz et al., 1980; Gessain
et al., 1985; Osame et al., 1987). Different HTLV-1 sub-
types have been found in well-defined areas on various
continents (Seiki et al., 1983; Paine et al., 1991; Bastian et
al., 1993; Gessain et al., 1993; Mahieux et al., 1997a).
Related simian viruses, called STLV-1, have been discov-
ered in several nonhuman primates (Watanabe et al.,
1986; Song et al., 1994; Koralnik et al., 1994; Ibrahim et al.,
1995; Ibuki et al., 1997). STLV-1 is associated with lym-
phomas in several simian species (Tsujimoto et al., 1987;
Scha¨tzl et al., 1993). The second type, HTLV-2, (Kaly-
anaraman et al., 1982) is present in remote Amerindian
and African populations (Heneine et al., 1991; Goubau et
al., 1992; Maloney et al., 1992; Pardi et al., 1993; Ferrer et
al., 1993; Gessain et al., 1995; Vandamme et al., 1998)
and in an increasing number of intravenous drug abus-
ers throughout the world (Lee et al., 1989; Fukushima et
al., 1995; Salemi et al., 1996). The role of HTLV-2 in
human disease is much less clear but there is evidence
that HTLV-2 might be associated with a chronic myelop-
athy (Murphy et al., 1993). The HTLV/STLV viruses are
characterized by high genomic stability and limited hor-
izontal transmission. HTLV-1 and STLV-1 cannot be sep-
arated into distinct phylogenetic lineages (Koralnik et al.,
1994; Vandamme et al., 1994) according to the species of
origin but rather seem to be related according to the
geographic origin of their host. Therefore, the term pri-
mate T-lymphotropic viruses (PTLV) has been proposed.
Phylogenetic analysis has shown that HTLV-1 most likely
has been introduced into humans through several sep-
arate interspecies transmissions in the past (Liu et al.,
1996; Crandall, 1996).
The establishment of virus producing cell lines by
cocultivation of T-lymphocytes from simians with indeter-
minate HTLV serology has led to the isolation of two
highly divergent T-lymphotropic viruses. STLV-L, de-
tected in a wild-caught hamadryas baboon (Goubau et
al., 1994), is equidistantly related to HTLV-1 and HTLV-2
(Van Brussel et al., 1996, 1997). The high divergence of
this third type of PTLV has been an excellent tool for
developing a highly sensitive generic PCR assay (Van-
damme et al., 1997), able to classify HTLV strains with an
indeterminate serology.
We isolated another highly divergent STLV, called
STLV-PP1664, from a bonobo (pygmy chimpanzee, Pan
paniscus), wild caught in the Democratic Republic of
Congo (formerly Zaire) (Liu et al., 1994). Sequence anal-
ysis of a 709-bp genomic fragment within the tax/rex
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region revealed that it differs about 25% from the homol-
ogous nucleotide sequences of both PTLV-1 and STLV-L
and about 17% from HTLV-2. Although more related to
HTLV-2 than to the other two types, phylogenetic char-
acterization of this fragment suggested that STLV-
PP1664 might represent an additional type of PTLV (Van-
damme et al., 1996). The isolation of a similar virus,
initially called STLV-panp, from a captive bonobo has
independently been reported (Giri et al., 1994). Phyloge-
netic analysis of the gag and env genes of the panp
isolate revealed results similar to those from the analysis
of the PP1664 isolate (Digilio et al., 1997). However, the
authors concluded that this virus, being the closest sim-
ian relative of HTLV-2 and in analogy with HTLV-1/STLV-1,
should be classified as STLV-2 and therefore proposed
the name STLV-2panp.
Viruses have been classified based on the relation-
ship between their phenotypes and genotypes. The latter
includes the genomic distance of their genes but also
their genomic structure (Coffin, 1992). Analysis of the
complex splicing pattern of the HTLV-related viruses
(Koralnik et al., 1992; Ciminale et al., 1992, 1995; Van
Brussel et al., 1996) has shown that HTLV-1 and -2 and
STLV-L all present differences in splicing pattern, leading
to a different set of accessory proteins encoded in the
proximal pX region. In this region, HTLV-1 potentially
encodes p12I, p13II, p30II, Rof, and p21rex, while HTLV-2
encodes p10I, p11V, p28II, and isoforms of Rex. In STLV-L
producing cell lines, only one viral messenger potentially
encoding a protein distinctly related to the p12I of HTLV-1
has been found (Van Brussel et al., 1997). The heteroge-
neity in coding potential of the pX region from HTLV-1
and -2 and STLV-L might contribute to the differences in
pathogenesis associated with these viruses.
We now report the sequencing of the complete proviral
genome of the simian T-lymphotropic virus STLV-PP1664.
Sequence and phylogenetic analysis supports its classi-
fication as an STLV-2. However, analysis of the ORFs and
splicing pattern in the PP1664 pX region suggests a
different genomic organization of this region compared
to HTLV-2.
RESULTS
Amplification of the STLV-PP genome
The complete STLV-PP1664 genome was amplified
from the virus producing PP1664 cell line with a set of
nested PCR reactions using generic and STLV-PP1664-
specific primers (Fig. 1, Table 1). A PCR fragment from the
tax/U3 LTR region was obtained in a nested PCR using a
39 RACE protocol (Frohman et al., 1988) as outer PCR.
Since the LTR is repeated at the 59 end of the proviral
genome, the sequence from the U3 LTR allowed us to
develop a long PCR strategy for amplification of the 59
part of the proviral genome. A forward primer,
MVB5PP37, was chosen in the U3 region of the 39LTR
and a reverse primer, MVB3PP4822, in the pol region.
Sequencing of the obtained 4.8-kb fragment was accom-
plished by further inner nested PCR reactions. The se-
quences of the STLV-PP1664 PCR fragments were as-
sembled, providing the entire STLV-PP1664 proviral se-
quence, spanning 8855 nt.
Sequence analysis
All major genes were identified by homology with the
HTLV-2(Mo) genes. In all coding regions (Table 2) the
similarity between the PP1664 isolate and HTLV-2, about
77 to 82%, is higher than those between the types 1, -2,
and -L. In Table 2 we used the prototype sequences
FIG. 1. Amplification strategy of the STLV-PP1664 proviral genome. PCR fragments obtained from proviral DNA are represented by black bars. A
PCR fragment obtained from cDNA by a 39 RACE strategy (for details see Materials and Methods) is represented by a white bar. The TR101/TR104
and HFL102/HFL104 primers were used for the amplification of the 709-bp tax fragment, described in previous studies of Liu et al., 1994; Van Damme
et al., 1996). The sequences and positions of all other primers are given in Table 1.
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HTLV-1ATK1 and HTLV-2Mo but other HTLV-1 and -2
strains gave similar results (data not shown). Dot matrix
comparison between HTLV-2 and the PP1664 (not
shown) in both the LTR and the proximal pX region
revealed a substantial similarity. In contrast, no signifi-
cant similarity was found in pairwise dot plots between
HTLV-1, HTLV-2, and STLV-L. In these highly divergent
regions, the bonobo STLVs differ by about 29 to 32% from
representatives of the HTLV-2 subtypes (Table 2). In
comparison, within HTLV-2, the new HTLV-2d subtype
from Zairian pygmies (Vandamme et al., 1998) is the most
divergent, differing by about 11% from HTLV-2a in both
the LTR and the proximal pX region. Among the HTLV-1/
STLV-1 strains, the divergence in the LTR and the prox-
imal pX region reaches from 12 to 24% respectively,
between the two Asian STLV-I strains PtM3 and TE4. The
TABLE 1
Primers and Probes Used for Amplification of the STLV-PP1664 Genome and Detection of Viral Transcripts
Primer
Position and sense on the
STLV-PP1664 genome Sequence (59–39)
MVB5PP37 37–58 (1) CCAGGGCCAGTCATCAGCTTA
MVB5PP63 63–87 (1) GTCACGCTGTCTCACACAAACAATC
MVB5PP324 324–342 (1) CGCTGTGCCTACCTTGGAG
MVB5PP374 374–394 (1) ACGTCTCGTTGAGCTCTGTCT
MVB31206 1206–1227 (2) TGGCCTGT/GAA/GA/GTCTTTCATT/CTG
MS5PP1306 1306–1324 (1) ACCCCACGGCCAAAGACTTA
MS5PP2874 2874–2894 (1) CCCCCAGCCATGTAATTATGG
MS3PP2915 2915–2934 (2) TCCCTGTGGAAGGACAGTCC
MVB5PP4451 4451–4472 (1) GGCAAGG/CT/CGAT/CG/ATAACCCATT
M110a 4708–4729 (1) CCCTACAATCCCACC/AAGCC/TTCA/GG
MVB5PP4761 4761–4780 (1) GGCCCTCCTCAACAAATATC
MS3PP4819 4819–4838 (2) AGGGTCCATAGGGCTTTACT
MVB3PP4822 4822–4840 (2) TTAGGGTCCATAGGGCTTTACTGAT
HFL5PP5056 5056–5073 (1) G/CA/CC/TCIG/CTGGATCCCGTGG
MVB5PP5080 5080–5103 (1) AAAAGACTGTATGCCCAAGG
MVB5PP5135 5135–5154 (1) CAACAGACCACCAACACCAT
HFL5PP5152 5152–5169 (1) CCA/TC/TCAACA/TCCATGGGTA
HFL5PP5617 5617–5635 (1) TTCTATGACCCTCCTCATA
HFL3PP6799 6799–6818 (2) GGGATATATCAGTGTCTTGG
M111a 4870–4890 (2) G/ATGGTGG/TATTTG/CCCATCG/TGGTT/CTT
MVB3PP5225 5225–5246 (2) ACGAGGAGACACCTACCGTAAG
MVB3PP6817 6817–6838 (2) GGGTATTGTGAGATGTTAGAGG
MVB3PP6969 6969–6989 (2) GGAAGAGCAGAAGGAAATCAT
MVB3PP7081 7081–7101 (2) TGACTGGTGTATCGTGTTCTG
MVB3PP7246 7246–7254 (2) CCTGAAACGGGACACCAAT
MVB5PP7699 7699–7720 (1) AGTTAGGGACCTTCCTGACCAA
MVB5PP7806 7806–7830 (1) CCTACTACATTGTTCCAACCTGTTA
MVB3PP8346 8346–8364 (2) GGGTA/TA/GTCGTCAA/GA/CGCCTT
a Dube et al., (1994).
TABLE 2
Nucleotide Sequence Divergence of PTLV Prototype Sequences HTLV-1ATK1, HTLV-2Mo, STLV-LPH969, and the STLV-PP1664 Isolate
Type
Genomic region
General LTR Gag Pol Env Proximal pX Tax
STLV-LPH969 vs HTLV-1ATK1 37 42 32 36 34 48 27
STLV-LPH969 vs HTLV-2Mo 40 45 32 34 32 45 26
HTLV-1ATK1 vs HTLV-2Mo 39 42 31 36 34 47 24
STLV-PP1664 vs HTLV-2Mo 25 32 23 23 24 31 18
STLV-PP1664 vs HTLV-1ATK1 37 43 31 36 37 47 27
STLV-PP1664 vs STLV-LPH969 36 44 30 35 33 46 29
Genomic fragment of the
STLV-PP1664 proviral genome 1–712 656–2054 2524–5156 5153–6613 6614–7166 7167–8207
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recently isolated STLV-1Marc1 from Macaca arctoides
(Mahieux et al., 1997b), which is only distinctly related to
HTLV-1, differs in the pX region by 36% from the other
HTLV-1/STLV-1 strains.
A more detailed analysis of the STLV-PP1664 LTR
revealed that most of the HTLV functional sites are
conserved. However, due to a deletion in the U3 region
only two Tax-responsive 21-bp repeats were found in
this region at nt 101 to 120 and nt 201 to 222 (not
shown). The same result was obtained from the orig-
inal T-lymphocytes of the bonobo which has been
used for the establishment of the PP1664 cell line (not
shown) and the lack of one of these 21-bp repeats was
also described for the panp strain (Digilio et al., 1997).
The sequence of the HTLV-2 Rex core element (nt 470
to 476; Black et al., 1991b) is nearly completely con-
served within the STLV-PP1664 LTR (AGCUCG to AGC-
UAG). However, secondary structure prediction of the
region homologous to the stem-loop essential for Rex
responsiveness (Black et al., 1991a; Kim et al., 1991)
shows a stable stem-loop structure for both the
PP1664 and panp strains (Fig. 2).
Variability within the STLV-2 clade
As demonstrated by sequence comparison in the LTR
and the proximal pX region, the divergence between the
PP1664 and panp strains is comparable with the diver-
gence among HTLV-2 subtypes (Table 3). The highest
nucleotide sequence similarity between STLV-PP1664
and STLV-2panp was found in the env and the overlapping
tax/rex region, differing by about 6% (Table 3). At the aa
level a remarkable high sequence divergence of 11 and
14% was found for Tax and Rex, respectively (Table 3). In
addition, the Tax from STLV-PP1664 is 14 aa longer than
that of HTLV-2a, but 50 aa shorter than that of the Tax
FIG. 2. Secondary structure prediction of the essential stem-bulge loop within the HTLV-2 Rex-responsive element (Bogerd et al., 1992) and the
STLV-PP1664 and STLV-panp homologous regions. The analysis was performed with RNAdraw (Matzura and Wennborg, 1996). sd, splice donor.
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from STLV-2panp. Even more differences were found in
the pro ORF. Just as in HTLV-1 and -2, the gag, pro, and
pol ORFs of the PP1664 and panp isolate are separated
by 21 frameshifts. The slippage sequences that control
the -1 ribosomal frameshifting at the HTLV-2 gag–pro and
pro–pol overlaps (AAAAAAC and TTTAAAC, respectively,
Falk et al., 1993; Nam et al., 1993) are conserved in both
STLV-2 genomic sequences (nt 2026–2083 and nt 2560–
2566 for STLV-PP1664; nt 2017–2023 and 2560–2566 for
STLV-2panp). However, only the STLV-PP1664 pro ORF
(nt 1739 to 2587) seems to encode a full-length protease
similar to that of HTLV-2 and other retroviruses (Nam et
al., 1988; Hayakawa et al., 1992). We found two nucleo-
tide deletions at nt 2215 and 2219 in the STLV-2panp
sequence that truncate the pro ORF 13 aa after the
putative catalytic site.
Phylogenetic analysis
A phylogenetic analysis was performed with STLV-
PP1664 comparing representatives of the PTLV-1 and
HTLV-2 subtypes to STLV-L and to STLV-2panp. To allow
rooting of the tree with bovine leukemia virus (BLV)
(Sagata et al., 1985), we focused on a 429-nt sequence in
the pol gene (nt 2629–2357 of STLV-PP1664). In this
highly conserved region, including the reverse tran-
scriptase active domain, the distantly related BLV se-
quence can be aligned in an appropriate manner. All
methods used resulted in a similar topology in which
three major lineages PTLV-1, HTLV-2/STLV-2 (together
PTLV-2), and STLV-L become apparent (Fig. 3). Within the
PTLV-2 lineage, the PP1664 and panp strains form a
distinct cluster, splitting early from the HTLV-2 strains.
The support for this separation is very high, with boot-
strap values of 97 and 94.5% in NJ and pars, respectively,
and P , 0.01 in ML. With all three methods, the BLV root
node was located at the STLV-L branch, supported by 84
and 76% of the bootstrap replicates of NJ and pars,
respectively, and P , 0.01 in ML. In only 8 to 15% of
bootstrap replicates was the BLV root node located on
either the PTLV-1 or the PTLV-2 branch.
Analysis of the coding potential
In the STLV-PP1664 proximal pX region, three open
reading frames were found, called I, -II, and -V in accor-
dance with the ORFs in the pX region of HTLV-1 and -2.
To evaluate their coding potential we analyzed the splic-
ing pattern of the viral messengers that render the ORFs
in this region accessible for translation. Suitable viral
transcripts would have to be alternatively spliced to
splice acceptors in the pX region either from a splice
donor in the LTR (sd-LTR) or from a splice donor imme-
diately downstream of the env start codon (sd-env). On
the latter, double-spliced transcripts, the sd-LTR is joined
to a splice acceptor preceeding the env region (sa-env,
Fig. 4). The potential splice sites in the STLV-PP1664
genome that could be used by such viral transcripts
were identified based on their similarity with the splice
donor and splice acceptor consensus sequences (Sha-
piro and Senapathy, 1987). The use of these potential
splice sites was analyzed by RNA PCR with primers
chosen at each site of the putative introns. The forward
primers MVB5PP324 and MVB5PP5080 in exons 1 and 2,
respectively, were combined with the reverse primers
MVB3PP5225, MVB3PP6817, MVB3PP6969, MVB3PP-
7081, and MVB3PP7246 (Fig. 4, Table 1). Identification of
specific PCR products was subsequently done by South-
ern blot hybridization with the probe MVB5PP374 in the
LTR (Fig. 4, Table 1) and MVB5PP5135 in the exon 2
region (not shown).
The single-spliced viral messenger encoding the Env
precursor was detected with the primer pair MVB5PP324
and MVB3PP5225, resulting in a 335-bp DNA fragment
(Figs. 5A (lane 5) and 5B (lane 3)). After sequence anal-
ysis of this fragment, the position of the splice donor in
the LTR (sd-LTR, Fig. 4) and the splice acceptor preceed-
ing exon 2 in the env region (sa-env, Fig. 4) were deter-
mined at nt 415 and nt 5016, respectively.
Three specific bands of 515, 339, and 199 nt were
obtained with the primer pair MVB5PP324 and MVB-
3PP7246 (Figs. 5A (lane 7) and 5B (lane 4). The 339-bp
fragment was obtained from the double-spliced mes-
senger, encoding Tax and Rex. As confirmed by se-
TABLE 3
Nucleotide (nt) and Amino Acid (aa) Variability between the STLV-panp and STLV-PP1664 Viral Isolates
Genomic region: Entire genome LTR gag pol env Proximal pX tax tax/rex
% nt divergence: 7 8 7 7 6 7 8 6
Proteins:
Gag
Pol
Env
Tax Rexp19 p24 p15 SU TM
% aa divergence: 4 3 7 12 5 0 11 14
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quencing, the splice donor in the env region (sd-env,
Fig. 4) and the splice acceptor proceeding the tax and
rex ORF (sa-tr, Fig. 4) were identified at nt 5156 and
7168, respectively. Southern blot and sequencing indi-
cated that the 199-bp fragment corresponded to a
single-spliced messenger generated by splicing from
the sd-LTR to the same splice acceptor. Similar mes-
sengers have been identified in HTLV-1 and -2 produc-
ing cell lines (Berneman et al., 1992; Ciminale et al.,
1995) potentially encoding isoforms of Rex. The inter-
nal AUG codons from which the translation can start in
ORF III of HTLV-2 are conserved in ORF III of the
PP1664 isolate (methionine 33 and 63, Ciminale et al.,
1995). This suggests that isoforms of Rex similar to the
p22/p20Rex and p17Rex of HTLV-2 might be produced by
STLV-PP1664. The overall similarity between these Rex
isoforms of HTLV-2 and STLV-PP1664 is about 72%.
The 515-bp fragment was obtained from a messenger
generated by splicing between the sd-env and an alter-
native splice acceptor in the proximal pX region, sa-px2,
at nt 6992. It is not completely clear which protein might
be encoded on this viral messenger. The largest protein
that might be initiated at the Tax AUG codon in exon 2 is
a polypeptide from a small ORF of 48 aa (nt 6991–7134)
we called ORFV9 (ptorfV9, Fig. 6B). This polypeptide has
not shown similarity to any protein from T-lymphotropic
viruses thus far. Alternatively, translation could also be
started from the downstream AUG that initiates ORF II. In
a nonredundant BLAST search performed on all avail-
able databases, a proline-rich motif at the carboxy ter-
FIG. 3. Neighbor-joining tree of a 429-bp sequence in the pol region (nt 2626–2357 of STLV-PP1664). The details of the method and the accession
numbers and references of the strains used are explained under Materials and Methods. The values on the branches represent the percentage of
the trees for which the sequences at one end of the branch are a monophyletic group.
371COMPLETE STLV-2PP1664 GENOME AND ITS ANALYSIS
minal end of the ppORFV9 peptide showed some local
similarity with other proline-rich protein. How ever, no
clear sequence similarity to any known protein was
found.
Two specific bands were observed with the primer
pair MVB5PP324 and MVB3PP7070 (Fig. 5A (lane 1) and
5B (lane 1). The lower band of 273 bp was amplified from
the double-spliced messenger generated by splicing to a
splice acceptor at nt 7010, sa-px3. This messenger po-
tentially encodes a protein of 113 aa (porfII, Fig. 4),
starting at an internal AUG codon in ORF II (nt 7154 to
7495). porfII shows 68% similarity with a 75-aa-long
amino terminal part of the p28II protein of HTLV-2 (Fig.
6A). Comparable values were found with the proteins
encoded by ORF II of HTLV-1. porfII showed 61% similar-
ity with the 87-aa carboxyl terminal part of the p30II of
HTLV-1 (Fig. 6A). This fragment encodes the p13II protein.
In addition, p30II and p28II of HTLV-1 and -2 show 60%
similarity in a 49-aa homologous stretch (Fig. 6A). Since
each of these proteins has large leader and/or trailer
sequences, the overall similarity of these proteins is very
low (less than 30%, which is not significant). The upper
band of 351 bp corresponded to a double-spliced mes-
senger generated by splicing to the sa-px2 (Fig. 4).
FIG. 4. Schematic representation of the STLV-PP1664 genome (top) and the resulting viral messengers (bottom). Primers used for this study are
indicated by horizontal arrows. Vertical arrows represent the identified splice sites. The start codons used for translation of the precursor proteins
are indicated by asterisks. sa, splice acceptor; sd, splice donor.
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PCR with the primer pair MVB5PP324 and MVB3-
PP6969 resulted in a weak band of 315 bp (Figs. 5A (lane
3) and 5B (lane 2). After a seminested round of PCR with
the primer pair MVB5PP5135 and MVB3PP6969, we iden-
tified by sequencing a splice acceptor (sa-px 1) at nt
6917. Sequence comparison with the HTLV-2 pX se-
quence (not shown) revealed that sa-px 1 is similar to the
second splice acceptor in the HTLV-2 pX region (nt 6944).
The 315-bp fragment corresponds to a double-spliced
viral messenger generated by this splice acceptor. The
60-aa protein encoded on this messenger is initiated at
the Rex AUG codon and joined to the ORF I (prorfI, nt
6917–7036, Fig. 4). In analogy to HTLV-1 and -2 and
STLV-L, ORF I of the PP1664 strain has leucine-rich aa
stretches but shows no further sequence similarity to
ORF I of HTLV-2 (Fig. 6C).
One additional ORF was identified at nt 6808 to 6969 of
the STLV-PP genome. Although this ORF shows high
similarity in a 14-aa stretch with the ORFV of HTLV-2 (not
shown), the overall similarity is very low. We were not
able to identify a hypothetical splice acceptor site that
would allow the expression of a protein from ORFV.
Therefore, we investigated the presence of cryptic splice
sites in this region, with the primer MVB3PP6817 and the
forward primer MVB5PP324 or MVB5PP5135 (Fig. 4). No
specific fragments could be detected with these primers
(data not shown).
Analysis of the coding potential of the panp strain by
sequence comparison indicated that ORFs I, II, V, and V9
are conserved within STLV-2panp, with about 8 to 9%
divergence at the aa level compared to STLV-PP1664.
However, the splice acceptor consensus sequence up-
stream ORF I is not conserved. ORF II is truncated at aa
90, while one of the putative ORF IIIRex start codons,
Meth63, is not present in ORF III of STLV-2panp.
To allow a comparison between STLV-2 and HTLV-2,
we also analyzed the pX coding potential among the
HTLV-2 subtypes. Viral messengers potentially encoding
the proteins of the pX region identified for HTLV-2aMo
(Ciminale et al., 1995) have been detected in HTLV-2b
(Salemi et al., 1996). However, the splice acceptor con-
sensus sequence corresponding to the splice site at nt
6944 in HTLV-2Mo is not conserved in the divergent
HTLV-2Efe2 sequence from Zairian pygmys (Vandamme et
al., 1998). On the other hand, all the peptide sequences
are relatively well conserved. ORFV shows the highest
divergence, varying from 9 to 27%, while ORF II is the
most conserved, with only 6 to 8% divergence. However,
sequence analysis suggests that HTLV-2bNRA and HTLV-
2dEfe2 show immature stopcodons in ORF I and/or II.
DISCUSSION
Two simian T-lymphotropic viral isolates, PP1664 and
panp, have been isolated from P. paniscus. While they at
first were presented as representatives of a new type of
STLV (Liu et al., 1994; Giri et al., 1994; Vandamme et al.,
1996), the classification of these viruses has become a
matter of discussion, with the recent designation of the
panp isolate as an STLV-2 (Digilio et al., 1997). To clarify
this classification, we sequenced the entire genome of
FIG. 5. (A) Agarose gel electrophoresis of the RNA PCR products
obtained for detection of viral transcripts. The forward primer
MVBPP5LTR3 was combined with the reverse primers indicated on top
of the lanes. Lanes 1, 3, 5, and 7 were performed on poly(A) RNA of the
STLV-PP1664 producing PP1664 cell line; lanes 2, 4, 6, and 8 are
negative controls with cDNA from the HTLV-1 producing cell line MT2
(Miyoshi et al., 1981). lane M, A 50-bp ladder with the 250- and 500-bp
bands double intense (marker XIII, Boehringher Mannheim). Specific
PCR fragments are indicated with an arrow. (B) Southern blotting with
the probe MVB5PPLTR374. Reverse primers are indicated on top of the
lanes. Negative controls performed with MT2 cells gave a completely
negative result (not shown).
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STLV-PP1664 and evaluated its genomic relationship
with HTLV-2. Each of the genomic regions, identified
within the STLV-PP1664 sequence, differs much more
from its HTLV-2 homologue than the HTLV-2 subtypes
differ among each other. On the other hand, the PP1664
isolate is more closely related to HTLV-2 than to the other
two types (Table 2). Although divergent, STLV-PP1664
shows clear similarity with the HTLV-2 strains in the LTR
and pX regions, whereas comparisons among PTLV-1, -2,
and -L sequences show nearly no sequence similarity
within these regions. Our sequence and phylogenetic
analysis in the pol region (Fig. 3) mainly show that STLV-
PP1664, together with the panp isolate, is a distinct
relative of HTLV-2. However within the PTLV-2 clade,
FIG. 6. (A) Alignment of the proteins obtained from ORF II from HTLV-1, HTLV-2, and the STLV-PP1664 strain. Homologous regions of HTLV-1 and
-2 and STLV-PP1664 are shaded. (B) aa sequence of the tpORFV9 polypeptide that might be translated from the double-spliced messenger generated
by the sa-px3 splice acceptor. (C) Comparison of the putative proteins that might be expressed from ORF I in HTLV-1ATK1, HTLV-2Mo, STLV-L, and
STLV-PP1664.
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HTLV-2 and the STLVs from P. paniscus form two distinct
lineages, separated according to the species of origin
and splitting early after the separation into PTLV-1,
PTLV-2, and STLV-L. This is in contrast with the phyloge-
netic relationship within the PTLV-1 clade. As shown by
previous analyses on different genomic regions (Koralnik
et al., 1994; Liu et al., 1996), HTLV-1 and several STLV-1
strains cluster together, as a result of different and rela-
tively recent interspecies transmissions. However, the
isolation of two very divergent STLV-1 strains, one from
Pongo pygmaeus (Ibuki et al., 1997) and another one
from M. arctoides (Mahieux et al., 1997b), suggests that
the PTLV-1 spectrum is more complex than previously
thought. Meanwhile, our sequence comparison (Table 3)
and phylogenetic analysis (Fig. 3) indicate that although
belonging to the same clade, the panp and PP1664
isolate show as much sequence diversity as the HTLV-2
subtypes. This might indicate that they are representa-
tives of two STLV subtypes; however, this should be
elucidated by further sampling. Furthermore, the diver-
gence between the STLVs from P. paniscus and HTLV-2
raises the question of how similar these viruses and
HTLV-2 are at the biological level.
In order to evaluate the relationship of the STLV from
P. paniscus and HTLV-2 by additional criteria, we ana-
lyzed the coding potential of the STLV-PP1664 proximal
pX region. By RNA PCR, we detected five viral messen-
gers, generated by alternative splicing through four dif-
ferent splice acceptors in the pX region: sa-px 1, sa-px 2,
sa-px 3, and sa-tr (Fig. 4). In addition to the well-known
Tax and Rex proteins, five different accessory proteins
might be encoded by these viral messengers: prorfI,
porfII, ptorfV9, and two truncated isoforms of Rex. ORFs I,
II, and V9 encoding these putative proteins are con-
served in the STLV-2panp sequence. The relatively high
aa sequence conservation between both STLV strains
supports the relevance of these ORFs in STLV-PP1664.
However, the splice acceptor consensus sequence used
for generation of the prorfI encoding messenger is lack-
ing in STLV-2panp. Therefore, it is presently unclear if the
panp strain has the potential to express a similar set of
accessory proteins compared to STLV-PP1664.
Comparison of the organization of the pX region of
STLV-PP1664 and HTLV-2 revealed that the pX ORFs of
STLV-PP1664 are shifted up or down relative to those of
HTLV-2 (not shown). Together with differences in the
splicing pattern, this resulted in significant differences in
the accessory proteins potentially encoded by STLV-
PP1664 compared to HTLV-2. Although distinctly related,
the aa sequence similarity of these pX ORFs from STLV-
PP1664 and HTLV-2 does not exceed the low similarity of
these ORFs among HTLV-1 and -2 and STLV-L (Figs. 6A
and 6B). Finally, although we could identify an ORFV in
the STLV-PP1664 pX region, no potential splice acceptor
could be identified in this region and no viral messenger
that would allow expression from this ORF could be
detected.
As judged by sequence analysis, the coding potential
of the pX region is relatively well conserved within
HTLV-2. However, more diversity is found within the
HTLV-1/STLV-1 subtypes. Although the ORFs are present
in the strains analyzed, the aa sequence variability is
high (Gessain et al., 1993). Furthermore, it is presently
unclear if all HTLV-1/STLV-1 strains can express the
accessory proteins identified for HTLV-1ATK1 (Ciminale et
al., 1992). Sequence analysis from representatives of
different HTLV-1 and STLV-1 subtypes suggest that the
start codons and/or splice acceptor consensus se-
quences have been eliminated in representatives of the
HTLV-1 and STLV-1 subtypes (Ratner et al., 1985; Ges-
sain et al., 1993; Ibrahim et al., 1995). Although these data
are only partial, they suggest a high variability of the pX
coding potential among HTLV-1/STLV-1 strains. Much
more data are necessary to determine the general fea-
tures of the pX region among HTLV-1/STLV-1 subtypes.
At this moment it is unknown how the accessory
proteins from the pX region might affect the phenotype.
Although dispensable for virus replication and cellular
transformation (Green et al., 1995), the presence of the
proximal pX in an HTLV-2-infected rabbit at least seems
to influence the viral load in vivo (Cockerell et al., 1996).
Although there might be a discrepancy with the in vivo
role of these proteins, in vitro studies suggest that the
accessory proteins might interfere in different aspects of
the viral life cycle (Franchini et al., 1993; Koralnik et al.,
1995; Mulloy et al., 1996; Ciminale et al., 1997).
A second distinctive aspect of the STLVs from P. pa-
niscus compared to HTLV-2 was found in the LTR. One of
the main features of the HTLV LTR is the presence of
three 21-bp repeats which are conserved within HTLV-1
and HTLV-2 (Shimotohono et al., 1986) and even BLV
(Derse, 1987). These repeats are essential in Tax-medi-
ated transactivation (Brady et al., 1987; Zhao and Giam,
1992) and it has been shown that they are functionally
unequivalent in basal transcription (Barnhart et al., 1997).
The presence of only two such repeats in the LTR of both
STLV-PP1664 and the panp isolate (Digilio et al., 1997)
might therefore influence the Tax-mediated transactiva-
tion and/or the basal transcription of the two viruses. It is
striking that this special feature has also been found
within the LTR of STLV-L (Van Brussel et al., 1997). How-
ever, its evolutionary origin remains obscure.
Together our data demonstrate that arguments pro
and contra a different classification of the STLV from P.
paniscus are nearly equally balanced. STLV-PP1664 and
the panp isolate are only distinctly related to HTLV-2 and
form a separate stable clade in phylogenetic trees. They
have some distinct genomic features including only two
21-bp repeats in the LTR and a different coding potential
in the pX region that might provide a molecular basis for
different biological properties. However, the sequencing
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data from the different subtypes within PTLV-1, HTLV-2,
and STLV-2 suggest much more heterogeneity in coding
potential within each type than previously anticipated.
Therefore, we conclude that the different genomic orga-
nization in the pX region of STLV-PP1664 and HTLV-2
cannot be used as an additional criterium for a different
type classification of these two viruses. Pending a more
formal classification, adjusted to an increasing spectrum
of HTLV-related viruses, we propose to keep classifica-
tion simple. Therefore, in agreement with Digilio and
coauthors (1997), we support the classification of the
STLVs from P. paniscus as STLV-2. According to this
classification, the PP1664 strain should be designated
STLV-2PP1664. Meanwhile further study will be needed to
elucidate whether the genomic differences between
HTLV-2 and STLV-2 might affect their phenotypes.
MATERIALS AND METHODS
Cell lines
The establishment of the STLV-PP1664 producing hu-
man T-cell line PP1664 has been described previously
(Vandamme et al., 1996). Cells were maintained in RPMI
1640 medium (Life Technologies) supplemented with
15% fetal calf serum, 1 mM L-glutamine, and 10 U/ml
interleukin-2 (Boehringer Mannheim).
PCR
All primers used in this study were developed with
Oligo software (Medprobe) and synthesized by Perkin–
Elmer/Applied Biosystems or Life Technologies. Generic
primers were developed according to an alignment of the
HTLV-1(ATK1), HTLV-2(Mo), and STLV-L(PH969) genomic
sequence. The nucleotide numbering of the generic
primers is according to the STLV-PP1664 proviral ge-
nome. All primers used in this study are presented in
Table 1).
PP1664 cells were treated with 100 mg/ml proteinase K
(Boeringher Mannheim, stabilized proteinase K solution)
in PCR buffer (10 mM Tris–HCl, pH 8.3, 50 mM KCl;
Perkin–Elmer) containing 2 mM MgCl2, 0.5% Tween 20,
0.5% NP-40 for 1 h at 56°C. The DNA was subsequently
extracted using phenol–chloroform, precipitated with
ethanol, and dissolved in Milli-Q water (Millipore). DNA
from 105 cells was used for outer PCR amplification with
generic and STLV-PP1664-specific primers. All amplifica-
tions were done in PCR buffer, 200 mM nucleotide
triphosphates, 0.8 mM outer primers or 0.5 mM inner
primers, and 0.025 U AmpliTaQ (Perkin–Elmer) in a 50 ml
reaction volume. The MgCl2 concentration ranged from
1.5 to 3 mM, optimized for each primer set. Outer ampli-
fications were carried out in a GeneAmp PCR system
9600 (Perkin–Elmer) for a total of 35 cycles under the
following conditions: 30 s at 95°C, 30 s at 50°C, and 30 s
at 72°C. Two microliters of the outer PCR product was
transferred to the inner PCR reaction mixture and ampli-
fied for 25 cycles (1 min at 95°C, 1 min at 50°C, 1 min at
72°C) on a Triothermoblock (Biometra). Amplification
products were analyzed on 6% polyacrylamide gels and
visualized by ethidium bromide staining.
The PCR fragment spanning the tax/U3 LTR region
was amplified from PP1664 cDNA following a 39RACE
strategy (Frohman et al., 1988). Poly(A) RNA was isolated
from the PP1664 cell line using the Quickprep Micro
mRNA purification Kit (Pharmacia) and reverse tran-
scribed with Superscript (Life Technologies) using an
oligo(dT)59 adapter primer (59 TGACTAGTTCTAGATCGC-
GAGC-T1739). cDNA from 10
5 cells was used in one PCR
reaction with 0.2 mM MVB5PP7699 and 0.2 mM adaptor
primer. All other reaction conditions were as described
above. Inner nested PCR reactions were performed with
the MVB5PP7806 (forward) and the MVB3PP8346 (re-
verse) primers.
A long PCR amplification method was performed on
genomic DNA isolated from the PP1664 cell line with the
Qiagen genomic DNA extraction kit (Westburg). DNA
from 105 cells was used in a 50-ml reaction volume and
amplified with Elongase (Life Technologies) in the follow-
ing reaction mixture: 13 Elongase buffer (Life Technol-
ogies), 2 mM MgCl2, 200 mM dNTPs, 0.2 mM primers.
The forward primer, MVB5PP37, was obtained from the
U3 region of the 39 LTR and the reverse, MVB3PP4822,
from the 39 part of the pol gene (Table 1). A total of 35
cycles (30 s at 94°C, 20 s at 58°C, 5 min at 72°C) was
carried out on a GeneAmp PCR System 9600 (Perkin–
Elmer). Two microliters of the PCR product was used in
further inner nested PCR reactions as described above.
Sequencing
STLV-PP1664-specific PCR fragments were purified
from a 1–3% agarose gel with the Sephaglass bandprep
kit (Pharmacia Biotech) and directly sequenced by
primer walking with 32P-labeled primers using the
dsDNA Cycle Sequencing system (Life Technologies).
Sequencing fragments were separated on a Sequi-Gen
Cell sequencing unit (Bio-Rad). Some fragments were
sequenced with M13 universal primer (M13USP) using
the Autocycle sequencing kit (Pharmacia) after an addi-
tional PCR with M13USP-tagged primers. These se-
quencing products were separated on an Automated
Laser Fluorescent DNA sequencer (Pharmacia). The in-
ner PCR products, obtained with the long PCR method
(see above), were purified with Qiaquick columns (West-
burg) and directly sequenced using the dye terminator
cycle sequencing system with an ABI Prism 310 Genetic
Analyzer (Perkin–Elmer).
Sequence and phylogenetic analysis
Sequence assembly and analysis were done using the
GeneWorks software package (Oxford Molecular sys-
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tems, UK), including matrix comparison plots and se-
quence comparisons with FASTA (Lipman and Pearson,
1985) and CLUSTAL V (Higgins et al., 1991). When calcu-
lating percentage identities, both programs score each
deletion as one event. The following strains and their
accession numbers were used in sequence comparison
and or phylogenetic analysis: HTLV-1aATK1 (Seiki et al.,
1983, J02029), HTLV-1bITIS (Liu et al., 1996, Z32527; un-
published), HTLV-1bEL (Ratner et al., 1985), HTLV-1cMe15
(Gessain et al., 1993, M94200), STLV-1cITE4 (Ibrahim et
al., 1995, Z46900), STLV-1cPtM3 (Watanabe et al., 1985,
M11373), STLV-1Marc1 (Mahieux et al., 1997a, b, U76625),
HTLV-2aMo (Shimotohno et al., 1985, M10060), HTLV-
2bNRA (Pardi et al., 1993, L20734), HTLV-2bGU (Salemi et
al., 1996, X89270), HTLV-2dEfe2 (Vandamme et al., 1997a,
Y14365), STLV-2panp (Digilio et al., 1997, U90557), STLV-L
(Van Brussel et al., 1997, Y07616), BLV (K02120, Sagata et
al., 1985).
Phylogeny construction and evaluation were done us-
ing the PHYLIP software package (Felsenstein, 1989).
Three different methods were used: the neighbor-joining
method (NJ), the Fitch and Wagner parsimony method
(pars), and the maximum likelihood method (ML). For all
methods, transitions were scored as two times more
likely than transversions. Distances were calculated us-
ing the Kimura two-parameter model (Kimura, 1980). The
NJ and pars trees were statistically evaluated using 1000
bootstrap samples (Felsenstein, 1989).
Analysis of viral transcripts
Poly(A) RNA was isolated from PP1664 cells and re-
verse transcribed with random priming according to the
conditions described under PCR methods. cDNA from
105 cells was used in one PCR reaction. The reaction
mixtures and cycling conditions were as those described
under in the PCR methods. The sequences and positions
of these primers are given in Table 1. Detection of spe-
cific PCR products was done by Southern blot hybridiza-
tion using MVB5PP5135 as a probe. PCR product (10 ml)
was separated on a 3% agarose gel (NuSieve GTG, FMC)
and fixed on a Hybond N membrane (Amersham) by
capillary blotting. Hybridization with the 32P end-labeled
probe was done under standard conditions (Mason and
Williams, 1985) and the product was visualized by auto-
radiography. Positive PCR products were purified with
Qiaquick columns (Westburg) and directly sequenced
with the dsDNA Cycle Sequencing system (Life Technol-
ogies) described under Sequencing.
The STLV-PP1664 sequence has been submitted to the
EMBL database under Accession No. Y14570.
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